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1 .O INTRODUCTION 

1.1 AUTHORIZATION 

The Northern Division of the Naval Facilities Engineering Command has issued Contract Task 

Order (CTO) 0213 to CF Braun Engineering Corporation (CF Braun) under a master 

agreement with Brown & Root Environmental under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) Contract N62472-90-D-1298. As part of CT0 213, CF 

Braun collected and tested soil samples to better define the extent of volatile organic 

compound (VOC) contamination, installed and operated a Pilot Scale Air Sparging/Soil Vapor 

Extraction System (AS/SVE) from March 1997 to July 1997, and is preparing this Design 

Analysis Report for implementation of a full scale AS/SVE system. This work is part of the 

Remedial Design, Phase II, for Site 1 - Former Drum Marshalling Area at the Naval Weapons 

Industrial Reserve Plant (NWIRP) located in Bethpage, New York. 

1.2 PURPOSE OF REPORT 

This report and drawings represent the Remedial Action Contract (RAC) design package, 

which will be used by the RAC contractor as a basis for designing, installing, and operating an 

AS/SVE System at the NWIRP Bethpage - Site 1. Cleanup of the soils and shallow underlying 

groundwater at that site is identified in the Record of Decision (ROD) dated May 1995. 

Specific remedial objectives and cleanup goals are provided in Section 1.3. 

1.3 REMEDIAL OBJECTIVES AND CLEANUP GOALS 

The remedial activities under the Navy’s Installation Restoration Program at the NWIRP 

Bethpage have been divided into four general units, as follows. 

l PCB- and metal-contaminated soils at Sites 1 and 2. 

l Low-level VOC-, PCB-, and metal-contaminated soils at Sites 1, 2, and 3. 

l Area-wide VOC-contaminated groundwater. 

l VOC-contaminated soils and associated shallow groundwater at Site I. 
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PCB-contaminated soils at Site 2 were remediated in 1995 via excavation and offsite disposal. 

PCB- and metal-contaminated soils and cesspool sludge at Site 1 will be remediated following 

the cleanup of VOC-contaminated soils at that site. The residual low-level contaminated soils 

at Sites 1, 2, and 3 will be addressed as required in the future based on land use. 

Contaminated groundwater is being addressed under a regional groundwater feasibility study 

(RGFS), in cooperation with Northrop Grumman and Occidental. In addition, Northrop 

Grumman has installed a groundwater containment system at their southern border. The 

Northrop Grumman system is designed to capture contaminated groundwater migrating from 

both the NWIRP Bethpage and Northrop Grumman facilities. 

This AS/SVE design specifically addresses the VOC-contaminated soils and associated 

shallow groundwater contamination at Site 1. The relevant remedial objective from the ROD 

for the remediation of the soils and shallow contaminated groundwater (10 to 20 feet) at Site 1 

is as follows. 

l Prevent leaching of contaminants in soils which would result in groundwater contamination 

in excess of groundwater remediation goals. 

The Preliminary Remediation Goals (PRGs) for VOCs in soil to protect groundwater are as 

follows. 

1 ,I ,I -Trichloroethane 1 0.010 - 0.030 

1. The ROD specifies a modified action level of three times the PRGs to be used to identify the areal extent of 

contamination. Therefore, the initial target for soil cleanup should be the low concentration within the range 

of PRGs. However, in the event that this concentration cannot be achieved within a reasonable time frame, 

then the high concentration within the range can be used. 
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1.4 BACKGROUND INFORMATION 

Site 1 - Former Drum Marshalling Area occupies an area of approximately 4 acres, (See 

Drawing No. 1). It is surrounded on three sides by a fence and on the fourth side by Plant No. 

3. The site is relatively flat, with the eastern portion covered with bare sandy soils, gravel, 

grass, and a concrete pad. The western portion of the site is predominantly covered with 

concrete. A vegetated wind row (pine) and fence are present along the eastern edge of the 

site to reduce community visibility. 

The original basis for the environmental work conducted by the Navy at Site 1 resulted from 

public water supply wells being impacted by VOC contamination. In response to this impact, a 

regional groundwater quality study was conducted in the 1980s. The results of this study 

indicated that the Navy’s Site 1 is one of several potential sources of a relatively large 

groundwater VOC plume originating near this area (and others) and extending for several 

thousand feet to the south (hydraulic downgradient direction). 

Several sequential soil and groundwater investigations have been conducted to date, including 

a Remedial Investigation, pre-design testing investigation, and the AS/SVE pilot study. 

The Navy conducted a Remedial Investigation in the early 1990s to investigate potential 

sources of the VOC contamination, (Halliburton NUS, May 1992 and Halliburton NUS July, 

1993). Based on the results of this investigation, the source of the groundwater contamination 

at Site 1 was determined to originate near the former drum marshalling pads and in particular 

the northern pad. All shallow groundwater samples collected south of this pad (hydraulically 

downgradient), as well as a few shallow groundwater samples collected north of the pad, 

exhibited VOC contamination. However, this area of groundwater contamination also 

coincides with the location of cesspools at the site. These cesspools could also be a source of 

the VOC contamination. 

Soil testing during the Remedial Investigation determined that Site 1 soils contained VOC, 

PCB, and arsenic contamination. Subsequent soil testing at the site confirmed the presence of 

PCB and VOC contamination; however, the arsenic contamination could not be confirmed. In 

addition, testing of the cesspool contents revealed even higher concentrations of VOCs and 
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PCBs than those found in the surrounding soils, and revealed the presence of cadmium 

contamination. Baseline soil and groundwater testing for the AS/SVE pilot study was 

conducted in March/April 1997. These tests confirmed the presence of VOC-contaminated 

soils and groundwater in this area. 

A summary of available analytical data is presented in Table l-l. The areal extent of known 

VOC contamination in soils and groundwater, and PCB contamination in soils is presented on 

Drawing No. 1. Please note that there are several areas within Site 1 where the exact extent 

of VOC contamination in soils and cesspool contents is uncertain. However, all of these areas 

overlay the location of contaminated groundwater. As a result, by addressing the area of 

groundwater contamination (through air sparging and associated soil vapor extraction), 

potential unidentified soil contamination in these areas will also be addressed. 

A pilot-study air sparge/soil vapor extraction system was operated from April 1997 to July 

1997. The preliminary results of this pilot study, and in particular, physical operating 

parameters, (e.g. radius of influence) were presented in an Interim Results Letter in July 1997. 

Complete documentation of the pilot study will be presented in a forthcoming report (November 

1997). 

The conclusions of the AS/SVE pilot study were as follows. 

1. Stratification testing results indicate that dense vapor-phase VOCs do not preferentially 

accumulate near the bottom of an extraction well. 

2. Testing of the soil vapor extraction radius of influence showed that the site soils are 

highly permeable, with extraction rates of 80 cubic feet per minute (cfm) per well 

achievable. Measured radii of influences ranged from 50 feet at 5 cfm to approximately 

100 feet at 80 cfm. A reasonable correlation was developed between flow rate and 

radius of influence. 
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TABLE l-l 

SUMMARY OF SOIL AND GROUNDWATER DATA 
AIR SPARGlNGlSOlL VAPOR EXTRACTION 

SITE 1 - FORMER DRUM MARSHALLING AREA 
NWIRP BETHPAGE, NEW YORK 

Maximum Soil 
Concentration 

Note that PCBs, pesticides, semi-volatile organics, and metals were also detected in site soils. 

1. Groundwater PRGs have not yet been finalized. Values presented are New York State Drinking Water 
Standards, and do not account for attenuation to the point of compliance. In addition, Northrop Grumman 
has installed a groundwater collection system, located approximately 4000 feet hydraulically downgradient, 
which is designed to intercept this contaminated groundwater. 

2. 

3. 

Maximum concentration was detected in March/April or July 1997 sampling. 

Maximum concentration was detected November 1995 to March 1996 testing by Foster Wheeler. Data 
includes samples collected from the cesspools. The “+” indicates that sample concentration was derived 
by multiplying TCLP leachate concentration by 20. Actual concentration is likely to be higher. 

* No standard has yet been developed. Based on contaminant properties, a PRG similar to l,l,l- 
trichloroethane would be expected. 
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3. 

4. 

5. 

6. 

7. 

8. 

1.5 

Soil vapor extraction at the water table resulted in flow through both the upper and 

lower unsaturated soil zones. Soil vapor extraction at the middle of the unsaturated 

zone resulted in flow through the middle of the unsaturated zone, but may have created 

stagnant flow conditions near the water table. 

The cesspool structures do not appear to restrict air flow through them. 

Air injection rates of as high as 60 cfm per well were achieved. However, rates greater 

than 20 cfm were difficult to consistently achieve and maintain. 

The air sparging tests were partially successful. An estimated radius of influence of IO 

to 40 feet was obtained. Based on the testing data, the radius of influence for air 

sparging is not a strong function of air flow rate. Chemical results from groundwater 

testing during the AS/SVE pilot study will be used to refine the radius of influence 

results. 

The presence of a clay lens within approximately 5 feet above the water table at one 

site location requires special consideration for the design of air injection wells. To 

ensure capture of injected air, soil vapor extraction must be implemented between the 

clay lens and the point of air injection. Soil boring samples will be required during 

installation to confirm the location of clay lenses. 

Based on the testing, soil vapor extraction rates need to be at least 2 to 3 times higher 

than air injection rates to ensure capture of all injected air. 

REPORT FORMAT 

This report is divided into four sections. Section 1.0 is this Introduction. A brief Remedial 

System Description and individual unit Equipment Design Analysis are provided in Section 2.0. 

Permitting requirements are presented in Section 3.0. Construction and preliminary operation 

schedules are provided Section 4.0, along with cost estimates. 
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2.0 REMEDIAL SYSTEM DESCRIPTION 

2.1 SUMMARY 

The air spargekoil vapor extraction (AS/SVE) system will consist of: 

0 air injection wells; 

. soil vapor extraction wells; 

. an air injection blower; 

. a soil vapor extraction blower; 

l primary and secondary moisture separators; and 

. offgas treatment. 

The two blowers, the secondary moisture separator, and associated controls are existing at the 

facility, but will need to be relocated. Also, the blower speeds will need to be increased and 

one of the existing vacuum switches will need to be replaced with a more sensitive switch. 

Other secondary features of the system will include: flow measurement ports; flow distribution 

control valves; pressure/vacuum relief valves; temperature and pressure cutoff switches; soil 

vapor sample ports; perimeter soil vapor pressure monitoring wells; and groundwater 

monitoring wells. The components of the system are discussed in Sections 2.2 through 2.5. 

The air injection and soil vapor extraction blowers will be housed within the existing 

Transportation Building at Site I. The design and cost estimate assumes that Northrop 

Grumman will remove all equipment from this building prior to use by the Navy. Also, the 

design assumes that Northrop Grumman, or the Navy under separate action will maintain 

electrical service to the building for the blowers and building heat and that Northrop Grumman 

or the Navy will maintain water service to the building. However, because of the potential split 

of the NWIRP Bethpage from Northrop Grumman operations, an alternative power supply may 

be required in the future and water service is not a requirement. In addition, a separate phone 

system will be required in the near future. 
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All piping will be located above ground to minimize disturbance of PCB-contaminated soils. 

Also, heat tracing and insulation will not be used on the piping, and therefore, cold weather is 

expected to prevent operation of the system for approximately 3 months each year. 

Site 1 is currently located within the fencing surrounding Plant No. 3. In addition, Plant No. 3 

fencing forms the eastern and southern boundaries of Site 1. To limit vehicle and personnel 

access, additional fencing will be needed to the west and north of the Site 1 AS/SVE system. 

Two vehicle access gates will be required within this new fencing. 

2.2 SOIL VAPOR EXTRACTION SYSTEM 

Reference: Drawings No. 2 - Equipment and Piping Layout, No. 3 - Process Flow Schematic, 

and No. 6 - Well Installation Details, Appendix A - Pipe Size Calculations and Appendix B - 

Blower Information. 

Desim Basis 

The soil vapor extraction system includes approximately 13 soil vapor extraction wells, (EWOI 

through EW13). The purpose of these extraction wells is to: induce a flow of air through the 

unsaturated soils and cesspools (vadose zone) and thereby volatilize VOCs; to collect these 

VOCs; and to collect air from the sparging process (which was injected to volatilize VOCs in 

the groundwater). The target flow rate for each extraction well is 20 to 30 cubic feet per 

minute (cfm). During startup and operation, flow to each extraction well will be controlled by a 

manual valve located at each well head. Flow measurements will be determined via portable 

velocity meters. 

Based on the pilot scale test results, a vapor extraction rate of 30 cfm will result in a radius of 

influence of approximately 75 feet. To provide a 50% overlap between wells, an extraction 

well spacing of 100 feet will be used. The soil vapor wells will be connected to a common 

point through a series of laterals and headers. 
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The proposed location of soil vapor extraction wells is based on: 

l The area of known VOC-contaminated soils, including cesspool contents (see Drawing 

Nos. 1 and 2), and 

l The location of air injection wells to address groundwater contamination. 

During the fall and early winter operation (when ambient air temperatures are lower than soil 

temperatures), condensate is expected to form within the soil vapor extraction system. This 

moisture will be collected in a new IOOO-gallon moisture separator. Based on experience at 

other sites, approximately 20 to 30 gallons per week of condensate may be collected in this 

tank. 

A second 50-gallon moisture separator is already present at the site (as part of the blower skid 

mount). This moisture separator has a working liquid capacity of approximately 25 gallons. A 

high moisture (water) level switch in this tank will shut-down the soil vapor extraction blower. 

A single soil vapor extraction blower will be used to pull soil gases from all of the wells. The 

combined soil vapor extraction rate for the system will be approximately 330 cfm. This blower 

is existing at the site, and was used during the pilot-scale study. This blower will discharge to 

a vapor phase carbon unit (see Section 2.4) 

Process Equipment List 

Equipment 
Extraction Wells 
(EWOI to EW13) 

Quantity 
13 

Name/Description 
Extraction Wells 
l 2-inch diameter, schedule 40 PVC well casing. 
l 0.020-inch well screen, 15 feet long extending 

from IO feet above the water table to 5 feet 
below the water table. 

Extraction Blower 
(existing) 

1 
l Wells can also be used to monitor groundwater. 
l 7.5 HP, 3-phase, 480 volt motor. 
. Roots Frame 36 Universal RAI Blower (rotary 

lobe), maximum vacuum rating of 14 inches Hg. 
l Control panel (on/off operation) with temperature, 

vacuum pressure, and high water level 
(secondary moisture separator) cutoff switches. 
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Equipment Quantity 
Vacuum Relief 2 

Secondary 
Moisture Separator 
(existing) 
Controls (new and 
existing) 

Piping 1400 feet 

Name/Description 
l One adjustable in the field, one preset at factory 

to protect blower. 
l 1000 gallon, with level indicator, and drain 

connection. 
l Operating pressure (4 to 6 inches mercury 

vacuum). 
l 55-gallon, with level switch, and drain connection. 

l Existing controls are panel mounted on blower 
skid. 

l System to operate with manual restart after 
automatic shutdown. 

l New telemetry system is required to alert 
designated individuals that system is not 
operating. 

l 4-inch carbon steel on blower discharge. 
l 2-, 4-, and 6-inch, schedule 40 PVC (elsewhere). 
l 2- and 4-inch PVC ball valves. 

Installation 

The soil vapor extraction wells will be installed using 4.25 to 6.25 inch hollow stem augers. 

Split spoon samples will be collected every five feet from the ground surface to IO feet above 

the water table (depth of approximately 45 feet below ground surface (bgs)). These samples 

will be used to identify the presence of significant clay lenses, which may impact the 

effectiveness of the soil vapor extraction wells. Based on previous soil testing at the site, clay 

lenses within the upper 45 feet of the vadose zone soils are not expected to be off significant 

concern. These samples may also be used to determine the presence of soil contamination 

(via head spa ce field testing using a PID) and therefore identify potential soil sample locations 

for chemical testing. 

Continuous split spoon samples will be collected from a depth of IO feet above the water table 

(approximately 45 feet bgs), to a depth of 5 feet below the water table. This interval 

represents the extraction well screen location. The presence of a clay lens from a depth of 5 

feet above the water table to 5 feet below the water table is of significant concern because it 

could inhibit the capture of injected air from nearby air injection wells. 
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If clay is detected within the screened interval of the soil vapor extraction well, then the screen 

length or location will be modified according to the following considerations. 

l The length of the well screen will be increased to allow vapor extraction from both above 

and below the clay layer. 

l If the well screen above the water table exceeds 20 feet in length, then an additional soil 

vapor extraction well will be installed. The resulting well cluster at this location would have 

one well with a screened interval above the clay layer and one well with a screened interval 

below the clay layer. 

l If the clay layer is less than one foot above the water table and extends to an air injection 

well, then this well may not be usable to capture injected air. Additional contingency plans 

for clay lenses affecting air injection wells are discussed in Section 2.3 - Air Injection 

System - Installation. 

After augering to depth, extraction well installation consists of the following components (see 

Drawing No. 6). 

l Place well at depth of boring. 

l Install a sand pack (#2 silica sand) from bottom of well screen to one foot above top of 

screen. 

l Install a 2-foot thick bentonite seal. 

l Complete well with cement/bentonite grout. 

l The well is to be developed by pumping/surging to obtain a final water turbidity of less than 

50 NTU’s. 

Three soil vapor extraction wells were installed during the pilot study. One or more of these 

wells should be used for the full scale SVE system, if they are determined to be located in an 

acceptable area. 
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The soil vapor extraction wells should be completed with a Tee and removable cap 

approximately 6 inches above ground surface to allow access into the well for potential 

cleaning, water level measurements, and groundwater sampling. Each well should also have a 

sample port to allow collection of soil gas samples, and for measurement of gas velocity and 

pressure. This port should be located 2 feet away from valves and fittings which would 

interfere with velocity measurements. 

The piping system is to be installed with expansion joints as needed to control temperature- 

related expansion and contraction, The piping should be sloped to facilitate condensate 

transport to either extraction wells or the primary moisture separator. 

Operation and Controls 

Except during the winter and maintenance down times, the soil vapor extraction system is 

intended to run continuously for the duration of the project. The existing blower operates with 

manual START and STOP buttons, and a RESET button for when the blower shuts down 

automatically. The blower will automatically shutdown in case of a high discharge 

temperature, a high suction vacuum pressure, or a high water level in the moisture separator. 

The existing soil vapor extraction blower unit at the site was originally procured for the 

operation of the pilot study. To convert this blower from capacity of approximately 180 cfm 

(pilot scale) to 330 cfm (full scale), its pulley will have to be changed to speed it up to near its 

maximum rating. Operating the blower at this high speed is expected to shorten its normal life 

of several years and increase noise levels. The magnitude of this impact cannot be 

determined at this time. Normal maintenance on the blower consists of changing the oil and 

air filter, and greasing the bearings. 

Soil vapor extraction rates from each well will be controlled by local manual valves. A portable 

velocity meter will be used to measure air flow while adjusting the control valves. The initial 

target flow rate for each well is 20 to 30 CFM. Exact flowrates will be determined during 

startup and operation based on the following criteria. 
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Confirm capture of all injected air by maintaining a vacuum at all perimeter monitoring 

points. A soil vapor extraction of 2 to 3 times the air injection rate may be required to 

ensure capture. 

Extraction wells with higher contaminant concentrations (based on PID), should be 

operated at a higher flow rate. 

Extraction well flow rates should be pulsed periodically (i.e., cycled on/off or adjusted 

high/low) to prevent stagnant conditions from developing between adjacent extraction 

wells. 

The AS/SVE system will not normally be manned. However, the system should be visually 

checked on a weekly basis and more thoroughly inspected on a monthly basis. The monthly 

inspections are also expected to coincide with other monitoring activities, (see Section 2.5). 

Because of frequent disruptions in power noted during the pilot study (6 over three months), an 

alarm and telemetry system will be used to monitor operation of the system on a continuous 

basis. Upon blower failure or loss of power (once power is restored), the system will call up to 

five pre-determined numbers, to notify appropriate personnel. 

2.3 AIR INJECTION SYSTEM 

Reference: Drawings No. 2 - Equipment and Piping Layout, No. 3 - Process Flow Schematic, 

No. 4 - Location of Soil Boring/Monitoring Well Cross Sections, No. 5 - Cross Section - Soil 

Borings and Monitoring Wells, and No. 6 - Well Installation Details. Appendix A - Pipe Size 

Calculations and Appendix B - Blower Information. 

Design Basis 

The air injection system includes approximately 11 air injection wells, (IWO1 through IWII). 

The purpose of these injection wells is to induce an air flow through the shallow groundwater, 

as well as the soils at the groundwater/soil interface. This flow will cause VOCs in these media 
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to volatilize. The VOCs will then be collected by the soil vapor extraction system. The target 

flow rate for each injection well is 8 to 12 cubic feet per minute (cfm). The wells will be 

installed in three lines oriented perpendicular to natural groundwater flow. During startup and 

operation, flow to each injection well will be controlled by a manual valve located at each well 

head. Flow measurements will be via portable velocity meters. 

Based on the pilot scale results, an air injection rate of 10 cfm resulted in a measured radius of 

influence of between IO and 40 feet. Because groundwater cleanup is a secondary.objective 

for this project, the average measured radius of influence (25 feet) without overlap will be used 

for design purposes. Therefore, the air injection wells will be installed on 50-foot centers. The 

air injection wells will be connected to a common point through a series of laterals and 

headers. The location of air injection wells will be based on the area of known VOC- 

contaminated soils and groundwater. 

Condensate is not expected to form within the air injection system. However, the piping will be 

sloped to the air injection wells to address potential condensate formation. 

A single air injection blower will be used to inject air at each of the wells. The combined air 

injection rate for the system will be approximately 1 IO cfm. The air injection blower is existing 

at the site. 

Process Equipment List 

Equipment 
Injection Wells 
(IWO1 to IWII) 

Injection Blower 
(existing) 

Quantity Name/Description 
11 lniection Wells 

l 2-inch diameter, schedule 40 PVC well casing. 
l 0.020-inch well screen, 2 feet long extending 

from 8 to 10 feet below the water table. 
l Wells can be used to monitor groundwater. 

1 l 7.5 HP, 3-phase, 480 volt motor. 
l Roots Frame 32 Universal RAI Blower (rotary 

lobe), with maximum pressure rating of 15 PSI. 
l Control panel (on/off operation) with temperature 

and two vacuum pressure cutoff switches. 
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Equipment Quantity 
Pressure Relief 1 
Valve (existing) 
Pressure Relief 1 
Valve (new) 
Controls (new and 1 
existing) 

Piping 900 feet 

Installation 

I Name/Description 
l One preset at factory to protect blower. 

0 Install new pressure relief valve to normally 
operate during blower startup. 

l Existing controls are panel mounted on blower 
skid. 

l Existing system to operate with manual restart 
after automatic shutdown. 

l New system to alert designated individuals that 
system is not operating. 

l Replace one existing vacuum switch with a new 
more sensitive vacuum switch. 

l 4-inch carbon steel on blower discharge. 
l 2-, 4-, and 6-inch, schedule 40 PVC elsewhere. 
l 2- and 4-inch PVC ball valves. 

The air injection wells will be installed using 4.25 to 6.25 inch hollow stem augers. Split spoon 

samples will be collected every five feet from the ground surface to IO feet above the water 

table (depth of approximately 45 feet bgs). These samples will be used to identify the 

presence of significant clay lenses which may impact capture of injected air. These samples 

may also be used to determine the presence of soil contamination (via head space field testing 

using a PID) and therefore identify soil sample locations for chemical testing. 

Continuous split spoon samples will be collected from a depth of 10 feet above the water table 

(approximately 45 feet bgs), to a depth of IO feet below the water table. This interval 

represents the critical flow path for air from the air injection wells to the soil vapor extraction 

well screens. The presence of clay lenses from a depth of 5 feet above the water table to IO 

feet below the water table is a significant concern with the successful operation of the air 

sparging system. If clay is detected in this zone, then an air injection well should not be 

installed at this depth unless the air flow pathway to a soil vapor extraction well can be 

confirmed. Examples of alternative placement would include installing the injection well at a 

higher elevation (e.g., just above the clay lens) and/or moving the injection well horizontally 

away from the clay. 
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After augering to depth, well installation will consist of the following components (see Drawing 

No. 6). 

l Place well at depth of boring. 

l Install a sand pack (#2 silica sand) from bottom of well screen to one foot above top of 

screen. 

l Install a 2-foot thick bentonite seal. 

l Complete well with cement/bentonite grout. 

l The well is to be developed by pumping/surging to obtain a final water turbidity of less than 

50 NTU’s. 

One air injection well was installed during the pilot study. If this well is located in an acceptable 

area, then it should be used for the full scale remediation. 

The injection well heads should be completed with a Tee and removable cap approximately 6 

inches above ground surface to allow access into the well for potential cleaning, water level 

measurements, and groundwater sampling. Each well head should also have a sample port to 

allow for air velocity and pressure measurements, This port should be located approximately 2 

feet away from valves and fittings which would interfere with velocity measurements. 

The piping system is to be installed with expansion joints as needed to control temperature- 

related expansion and contraction. The piping should be sloped to facilitate condensate 

transport to the injection wells. 

Operation and Controls 

Except during winter and maintenance periods, the air injection system is intended to run 

continuously for the duration of the project. The existing blower operates with START and 

STOP push buttons. The blower will automatically shutdown is case of high discharge 

temperature, high discharge pressure, or insufficient vacuum on the soil vapor extraction 

system. 
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The existing air injection blower unit at the site was originally procured for the operation of the 

pilot scale study. To convert this blower from approximately 35 cfm (pilot scale) to 110 cfm 

(full scale), its pulley will have to be changed to speed it up to near its maximum rating. 

Operating the blower at this speed is expected to shorten it’s normal life of several years and 

increase noise levels. Normal maintenance on the blower consists of changing the oil and air 

filter, and greasing the bearings. 

Air injection rates to each well will be controlled by local manual valves. A portable velocity 

meter will be used to measure flow rate while adjusting the control valves. The initial target 

flow rate for each well is 8 to 12 cfm. Exact flow rates are to be determined during startup and 

operation based on the following criteria. 

l Confirm capture of all injected air by maintaining a vacuum at all perimeter monitoring 

points. 

l The ability to inject the air at a given well without requiring excessive pressures relative to 

the rest of the system. 

l Air injection rates should be periodically pulsed (i.e., cycled on/off or adjusted high/low) to 

prevent stagnant conditions from developing between adjacent wells. 

The AS/SVE system will not normally be manned. The system should be visually checked on 

a weekly basis and more thoroughly inspected on a monthly basis. The monthly inspections 

are also expected to coincide with other monitoring activities, (see Section 2.5). 

As a result of frequent power disruptions noted during the pilot study (6 over three months), a 

alarm and telemetry system will used to monitor operation of the system on a continuous 

basis. Upon blower failure or loss of power (once power is restored), this system will call up to 

five pre-determined numbers, to notify appropriate personnel. 
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2.4 VAPOR PHASE CARBON UNITS 

Reference: Drawings No. 2 - Equipment and Piping Layout and No. 3 - Process Flow 

Schematic. Appendix C - Carbon Use Calculations. 

Design Basis 

Based on soil, groundwater, and soil gas testing, the soil vapors collected by the extraction 

system are expected to contain the VOCs listed in the following table. Other VOCs may also 

be present. Also provided in this table are vapor phase concentrations measured during the 

operation of the pilot scale study. 

Parameter Average Concentration Concentration Range 

(wm-v) (mm-v) 

During the pilot study, the concentration of VOCs in the extracted soil vapor was noted to 

decrease with time from an initial concentration of approximately 750 ppm-v to 95 ppm-v at the 

end of one month, 44 ppm-v at the end of two months, and 56 ppm-v at the end of three 

months of operation. The average concentration presented is the arithmetic average of the 

four data points. 

For purpose of this design, the average concentration of VOCs measured during the pilot scale 

study will be used to estimate the quantity of vapor phase granular activated carbon required 

for the first month of operation. Thereafter, the carbon usage will be assumed to be one third 

of the initial rate, for the duration of the project. Therefore, based on a flow rate of 330 cfm, 
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the estimated average carbon usage rate will be approximately 150 pounds per day for the first 

month and 50 pounds per day for 24 months. The actual usage rate is expected to be higher 

during the initial operating period, and then decrease during the course of cleanup. Because 

these estimates are based on theoretical considerations, the relative accuracy of these 

estimates is plus or minus 50%. Actual use can be effected by other constituents in the 

extracted vapor, moisture content, and temperature. 

A heater is typically employed prior to the vapor phase carbon units to reduce the relative 

humidity of the incoming vapor stream to 50% or less and thereby to optimize the use of 

carbon, To accomplish this, a temperature increase of 20 to 30 “F is required. However, the 

extraction blower is expected to heat the soil vapor by IO to 20 “F. As a result, additional 

heating of the soil vapor cannot be justified on this system. The maximum temperature and 

pressure for the carbon units is anticipated to be 100 “F and 1 pound per square inch (psi), 

respectively. 

The size of the vapor phase carbon units is based on both: 

l The flow capacity of the carbon units, and 

l The carbon change out frequency. 

Process Equipment List 

Equipment Quantity 
Carbon Units 3 

Installation 

NamelDescriotion 
Extraction Wells 
l Two 1800 pound vapor phase granular activated 

carbon units operating in series. 
l One 1800 pound carbon unit on standby. 
l Efficiency to be determined by sample ports 

before, between, and after carbon units. 

The vapor phase units will be installed on grade, either within or outside the existing 

Transportation Building, based on available space. The treated soil vapor stack will discharge 

above the peak of the building roof. 
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Operation and Controls 

The operation procedures for the carbon units consist of monitoring the soil vapor temperature 

and pressure entering these units and the VOC concentration before, in between, and after 

these units. Initial design parameters for the soil vapor entering the carbon units are a 

maximum temperature and pressure of 100 “F and 1 psi, respectively. Higher temperatures 

and pressures may be considered, based on the carbon vendor requirements and available 

capacity of the soil vapor extraction blower (total pressure change across the units). 

Monitoring for contaminant breakthrough will be based on in-field PID readings and fixed- 

based VOC analysis. Preliminary criteria for changing out carbon is as follows. 

1. PID reading reduction of less than 80% across the first carbon unit, 

2. PID or VOC reduction of less than 95% across both carbon units, or 

3. VOC concentrations in excess of Air Guide 1 Criteria in the exhaust stack. 

PID readings will be conducted weekly at first for at least one month. Based on operating 

data, and projected carbon changeout requirements, the frequency may be increased to 

monthly during the project. 

VOC testing at a fixed base laboratory is expected to be monthly for the first six months, 

followed by quarterly for the balance of the project. Preliminary estimates indicate that the 

system may operate for approximately 2 years. 

2.5 SOIL TESTING, GROUNDWATER WELLS, AND SOIL VAPOR PRESSURE MONITORS 

Reference: Drawings No. 2 - Equipment and Piping Layout and No. 6 - Well Installation 

Details. 

Design Basis 

Soil and groundwater samples will be collected and analyzed to determine the concentration of 

VOCs at the beginning, during, and at the end of the remediation. Soil vapor pressure 

bp9708as.des, 09119197 20 CT0 213 



monitors will also be used to confirm air flow through the impacted soils and capture of all 

injected air. 

Approximately IO subsurface soil samples will be collected prior to the start of the remediation 

to establish baseline conditions. These samples will be distributed both horizontally and 

vertically throughout the VOC-contaminated soils. The sample locations will target locations 

with moderate (3 to IO times the PRGs) and high (greater than IO times PRGs) VOC 

concentrations. At least one sample location will be from within a cesspool of known VOC 

contamination. 

Sample locations and depths will be determined based on lithology and PID screening results 

obtained during the installation of injection and extraction wells. Once a sample location is 

selected, the same location will be used throughout the course of the project. The soil testing 

will be used to monitor the effectiveness of the remediation and to determine when the soil 

remediation is complete. 

Sample collection will be via split spoon through hollow stem augers. Sample frequency is 

anticipated to be every six months, through completion of the project. The samples will be 

analyzed for TCL VOCs. 

Approximately 14 groundwater samples will be collected prior to the start of the remediation to 

establish baseline conditions. Groundwater from each of the 13 new extraction wells and the 

existing groundwater monitoring well near the center of the site (CFBMWOI) will be sampled 

and analyzed for VOCs. This data will be used to confirm the location of groundwater 

contamination. Based on these results, up to four new monitoring wells will be installed at the 

southern edge of the site (hydraulic downgradient edge) to monitor the groundwater leaving 

the site. Existing monitoring wells at this location became dry when the use of the Navy 

recharge basins decreased significantly and the water table elevation decreased by 

approximately 10 feet. 

Sample results from the four perimeter and one center-of-site shallow monitoring wells will be 

used to track the effectiveness of the air sparging component of the system. Groundwater 

testing of the wells is anticipated to be quarterly for the duration of the remediation. In 
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addition, one round of groundwater samples should be collected approximately 6 months after 

the remediation is complete to document the final conditions. 

Six clusters of soil vapor pressure monitors will be installed on the eastern and western edges 

of the site. The location of each cluster will be in line with the air injection wells. These 

monitors will be used to confirm that all injected air is being captured by the soil vapor 

extraction system. A negative pressure (vacuum) at each of these locations will be considered 

confirmation of capture. If positive pressures are noted, then air injection and extraction rates 

will be adjusted accordingly. Each cluster will consist of two wells, one near the water table 

and one near the middle of the unsaturated zone. 

Process Equipment List 

Equipment 
Groundwater 
Monitoring Wells 
(BRIOI to BR104 
and CFBMWOI) 

Quantity Name/Description 
5 Wells 

l 2-inch diameter, schedule 40 PVC well casing. 
l 0.020-inch well screen, 10 feet long extending 

from 2 feet above the water table to 8 feet below 
the water table. 

Soil Vapor 
Pressure Monitors 
(SVPM IO to SVPM 
16) 

12 
l Wells will be used to monitor groundwater quality. 
Wells 
l 2-inch diameter, schedule 40 PVC well casing. 
l 0.020-inch well screen, 2 feet long extending 

from 23 to 25 feet below ground surface. 
l 0.020-inch well screen, 2 feet long extending 

from approximately 50 to 52 feet below ground 
surface, located just above water table. 

l Wells will be used to soil vapor pressure. 

Installation 

The groundwater monitoring wells and soil vapor pressure monitors will be installed using 4.25 

to 6.25 inch hollow stem augers. Split spoon samples will collected every five feet from the 

ground surface to the water table (depth of approximately 55 feet bgs). These samples will be 

used to identify the presence of significant clay lenses which would impact the capture of 

injected air. Only one boring per cluster will be evaluated for lithology. 
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After augering to depth, well installation will consist of the following components (see Drawing 

No. 6). 

l Place well at depth of boring. 

l Install a sand pack (#2 silica sand) from bottom of well screen to one foot above top of 

screen. 

l Install a 2-foot thick bentonite seal. 

l Complete well with cementibentonite grout. 

Several soil vapor pressure monitors were installed during the pilot scale study. If acceptable, 

these wells should be used for the full scale remediation. 

The well heads will be completed with a removable cap approximately 6 inches above ground 

surface to allow access into the well for soil vapor pressure readings, water level 

measurements, and/or groundwater sampling. 

2.6 COMPLETION OF AS/SVE REMEDIAL ACTIONS 

The remedy will be considered complete when the following site conditions are achieved. 

Media Proposed Remediation Goals 

Average Concentration Maximum Concentration 

Soil Average of all soil sample results Individual maximum soil sample 

less than PRGs. results less than 3 times the 

PRGs. 

Groundwater Average of groundwater samples Individual maximum groundwater 

less than IO times NYSDEC sample result less than 100 times 

MCLs. the NYSDEC MCLs. 

If during the remediation, the VOC concentration in the soil vapor decreases to a point at which 

VOCs are no longer being effectively removed from the soils and/or groundwater, then the 

following options would be considered. The concentration at which VOC removal will be 
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considered ineffective is 1 ppm, which is equivalent to approximately 0.1 pounds of VOCs per 

day. 

1. Determine the need for additional air injection or soil vapor extraction wells in the area 

of concern. 

2. Re-evaluate the PRGs, since the basis for the determining the goals is also based on 

chemical mobility and ability to migrate. 
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3.0 PERMITTING REQUIREMENTS 

Permits or waste approval will be required for the onsite discharge of air and the off site 

transportation and disposal of condensate and drill cuttings. 

An air discharge permit will be required in accordance with 6 NYCRR Parts 200 through 257. 

Since the NWIRP Bethpage is a state Super-fund site (Site No. 130003B), an actual permit 

may not be required. However, a permit application will need to be prepared and submitted for 

review to ensure state concurrence that the substantive requirements of a permit are met. 

NYSDEC Air Guide 1 provides relevant criteria for treatment and discharge requirements. 

Relevant criteria for annual guideline concentrations (AGC) and Short term Guideline 

Concentrations (SGC) for chemicals detected during the pilot scale study are summarized as 

follows. 

Parameter SGC (ug/m3) AGC (ug/m3) 
Freon 113 1,800,OOO 90,000 
Vinvl chloride 1.300 0.02 
1,l -Dichloroethane 
1,2-Dichloroethene 

1 ,I I-Trichloroethane , 
Toluene 
Trichloroethene 
Tetrachloroethene 

190,000 500 
190,000 (c) 360 (t) 

1,900 (c) 
450,000 1,000 

89,000 2,orJQ 
33,000 0@45& 0 YJ 
81,000 o.g% 

(t): trans 
(c): cis 

fz . 

The listed concentrations apply to ground level concentrations at appropriate receptors. Air 

Guide 1 provides a range of air modeling procedures to correlate stack emissions with ground 

level concentrations. 

Condensate is expected to be generated on a periodic basis and captured within the primary 

moisture separator. This condensate will need to be tested and disposed off site, as either a 

RCRA characteristic hazardous waste or a non-hazardous waste. Permits are not required for 

this disposal, however, a waste acceptable application and approval from the receiving facility 

is required. As an option, if the volume of condensate collected is found to exceed several 
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hundred gallons per month, then on site treatment of the condensate with granular activated 

carbon and disposal as a non-hazardous waste will be considered. 

During the drilling operations, soil cuttings from areas of known PCB contamination must be 

containerized and tested. For cuttings which fail site-specific PCB or metal criteria, the cuttings 

are to be taken off site for appropriate disposal. As with the condensate, permits are not 

required for this disposal, however, a waste acceptance application and approval from the 

receiving facility is required. 
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4.0 COSTS AND SCHEDULE 

The cost estimates for the proposed system are provided in Appendix D. The cost estimate 

assumes that construction of the AS/SVE will occur over a three month period and that system 

startup and check out will require one month. Costs for the purchase of new blowers have not 

been included, although estimated costs for relocating and modifying the existing blowers are 

included. 

Operation is assumed to occur over a 24 month period. Primary costs associated with 

operation consist of weekly visual checks, monthly inspections, carbon changeout, and 

sampling/analytical costs. 

The estimated construction schedule is provided in Figure 4-l. This schedule assumes that 

the Navy will direct the RAC to proceed by October 13, 1997. Field activities would start in 

March 1998 and be completed in June 1998. Currently, a two year operation period is 

assumed. Actual operation may require more or less time to achieve the remedial goals. 
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FIGURE 4-l 
CONSTRUCTION SCHEDULE 

AIR SPARGING/SOIL VAPOR EXTRACTION 

ID Task Name Duration 

1 1 .O Notice to Proceed Od 

2 2.0 Design Engineering 45d 

3 3.0 Equipment Procuremen 75d 

4 Prepare bid packages 20d 

5 Solicit bids 15d 

6 Purchase equipment 10d 

7 Receive equipment 30d 

8 4.0 Well Installation 1OOd 

9 Procure Driller 30d 

10 Weather Hold 30d 

11 Install Wells -~ 40d 

12 5.0 Equipment Installation 20d 

13 6.0 Startup 20d 

14 7.0 Remedy in Place Od 

Al Jg 1 SeP 1 Ott 1 Nov 1 Dee 1 Jan 1 Feb 1 Mar I Apr I May 1 Jun 1 JUI 

6126 

Project: 
Date: Tue 8/l 9/97 

Progress Rolled Up Task 

Milestone + Rolled Up Milestone ‘1 ’ 

P 

- 



APPENDIX A 

PIPE SIZE CALCULATIONS 
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1.0 VACUUM ON EXTRACTION BLOWER 

1.1 PRESSURE DROP CALCULATIONS for EXTRACTION SYSTEM 

The soil vapor extraction system was divided into 18 segments which are shown in 

Figure 1. Pressure changes corresponding to pipe length, size, and fittings were 

caculated for each segment. Pipe fittings included 90” elbows, ball valves (wide open), 

and standard tees (thru flow). Equivalent lengths for the fittings were obtained from the 

Cameron Hydraulic Data, Seventeenth Edition, Handbook. Calculations were performed 

to show pressure changes corresponding to the length and fittings in each pipe 

segment. The pressure changes are expressed in inches of water and are based on a 

soil vapor extraction flow rate of 30 cfm. 
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1.2 WELL VACUUM DETERMINATION 

Data from radius of influence testing performed in April 1997 was compiled for the 

extraction wells (EW-01, EW-02, and EW-03) screened at the water table. A range of 

vacuums were plotted versus corresponding flow rate to determine a design well point 

vacuum. Figure 2 shows the range of vacuums versus corresponding flow rate: Three 

vacuums obtained from the plot at 30 cfm were 4.7, 7.6, and 8.4 inches of water, 

respectively. The greatest vacuum, 8.4 inches of water, was used as the design 

vacuum at an extraction flow rate of 30 cfm. 



0 
“\ 

\ 
i \ 

‘;:, 
‘t, 

-----v--e- 

0 

-- 
------- 

‘\ x 

.-;- 

-- 
-- 

, 6-. a. -. 
; 

.. .-. 
‘. 



. 



CALCULATION WORKSHEET 0rd.r No. IDIIS (01-91) PAGE - OF- 

‘CLIENT JOB NUMBER 

G zs-3 

SUBJECT 

read- /VI a--is ti c&CA f&j-m 
BASED ON 

.J 
DRAWING NUMBER 

CHECKED BY APPROVED BY 

IDATE ‘#7 7 



CHECKED BY APPROVED BY 



II ISSUE DATE 

TELEPHONE CONVERSATION REPORTING FORM FILE NUMBER 

RECORDED BY 

/ 7-t 1 

TELEPHONE NUMBER 

~i+AVf~~ c1 -92 R-5 

CALL NAM TELEPHONE NUMBER 

0 FROM b M- Ar\?~nsw, IwaB -I-&Ai’ x7 

COMPANY 

Gh &A- 

DATE OF CAL 

erHY4 db 177 

ADDRESS 
J TIME 

Hzc) x 

CONFERENCE CALL JOB NUMBER 

Cl NO 0 YES (If YES, list conferees. conferees company. efc. m n0fes.I 5253 - o/‘Jq 

CLIENT/PROJECb Av ~ 

SUBJECT J 

gre_J.J d= dfqq- 
\ \ 

\ 

CONVERSATION NOTES. 

-_. --- -_-. ..- .-.-..-..-..-._--.------.- __. - ..____.__________ ___..__ -- 

.-_ -..--...-.-- - .- ..--._ ..--..-..--..-..-_--.. _-. .- -..- -. ._____ ___ _ __ --.--._ 

ACTION/RESPONSE 
RESPONSIBLE PERSON ACTION NEEDED DUE DATE 

COPIES TO: 

Order No. 11028 (12.90) 



08/08/97 FRI 13:14 FAX 717 533 5577 P R hl Northeast L&JUUl 

FAX from: 
DICK ANTHONY 
Northeast Brach Manager 
PO. Box 352, Hummslstown, PA 17036 
Phone 1-888-TREAT-IT(873-2848) 
Fax 717-533-5577 

DATE: 8-6-97 
Total pages: 3 

TO: Stavros Patseolas 
Brown & Root Environmental 

FAX NO: 610-491-9645 

SUBJECT: 
Moisture Separator Speck. 

COMMENTS: 

Stavros, 
Attached is the specifications for our moisture separator, as 

promised. 
I don’t have a pressure drop curve as I thought, just notes, but 

can tell you that at 400 scfm we had only 4” of water column 
drop in the 60 gal. size tank. At these flows the entlre skid 
package with filter, relief valves, pipe etc. shouldn’t be more than 
12-I 5” drop. 
I can help you with pipe losses in the rest of your system. 
Sorry I couldn’t spend more time on this, but I’m sure this will 

help. 

I will call to follow up or answer any questions. 

Sincerely, 

D. A. 

Product Recovery Management 
Southeast: 205 Broadway Street m Durham, NC 2770 t . 19 I91 682-2054 l F2u( (9 191682-0066 

Northeast: f?O. Box 352 l Hummelstown PA I7036 m (7 171533-5577 

A Owwon of Phillrpr ~JYP of Durham. Inc. 

- 
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SPECIFICATIONS 

Moisture Separator Specifications 

DUTY 
The moisture separator shall be designed for use in a soil vapor extraction system 
capable of continuous operation with a pressure drop of less than six inches of water 
at the rated flow. The moisture separator must be capable of operation under 
various conditions ranging from a ftne mist to slugs of water with an efficiency of 
ninety nine plus percent of water removal. 

PRINCIPLE OF OPERATION 
The moisture separator shall incorporate cyclonic separation to remove entrained 
water and particulates in the vapor stream. 

CONSTRUCTION 
The body of the moisture separator shall be constructed of twelve gauge cold rolled 
steel designed to meet ASTM specifications for pressure vessels. The exterior shall 
be coated with an industrial grade primer and enamel paint for durability and chip 
resistance. The inlet and outlet ports shall be male NPT pipe threads. Additional 
ports for bottom drain, accessories, gauges, high level and clean-out shall be tank 
flange type with female NPT threads or male NPT threaded nipple type. Steel feet 
welded to bottom of tank for bolting tank to skid or floor. The inlet shall be 
tangentially located and welded to the body. The outlet to be vertical at top of tank 
with an NPT pipe connection or flange. The separator shall include a side mounted 
water sight tube assembly and also include an access or clean-out port. 

Product Recovery Management 
Southeast: 205 Broadway Street l Durham, NC 27701 l 19 I 9) 682-2054 l Fax 19 I 9) 682-0066 

Northeast: PO. f3ox 352 l Hummelstown. PA I7036 . 17 I71 533-5577 

A Owision of PhillIps Electric Co. of Durham. Inc. 
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MS-30,60 and 80, Moisture Separation Units 

,\c. Y’” - 
d... ,. . :. .. -: , : ;&&:;,;.“,. ‘, 

PRM Moisture Separators w&e designed 
exclusively for groundwater remediation using 
SVE technology. The are designed for your 
maximum blower protection and extended 
vapor phase carbon life while offering durability, 
service and flexibility of applications. 

FEATURES 
l High pressure construction with 12 gauge 

carbon steel 
l Cyclonic separation of water (in liquid and 

vapor form) from the air stream 

l Equipped with water level sight tube 

l Low pressure drop 

l Industrial enamel coating over primer 
l Access port for cleaning 

l Extra ports for gauges and sensors 
l Optional sight tube / level control assembly 
Note: Model no. indicates total volume of vessel, 
MS-30= 30gallon size tank, etc. 

Shown with optional level conrrot 

unit Max.H20 Maximum Inlet Outlet Weight 
Capacity Airflow * (NPT) (NPT) 

MS-30 15 Gal. 300 cfin 2”or 3” 4” 10% 4, 
MS-60 30 Gal. 700 cfm 4” 6” 150# - $,f ‘i s-* 

MS-SO 40 Gal. 900 din 6” 8” 220# 
* Airflow rated at less than 6 (iwg) inches of water gauge pressure drop 

Product Recovep Manopmen~ is a division of Phillips Eledric Co. of Durham. Inc. 
205 Broadway Street l Durham, NC 27701 * (919) 682-2054 l Fax (919) 682-0066 

Toll Free: Southeast l-888-PRM-Will Northeast 1-888-Treat-It 



AIR PURIFICATION ADSORBERS 
1,000 LB. ACTIVATED CARBON G-4 
1,800 LB. ACTIVATED CARBON G-6 

SPECIFICATIONS 

G-4 
CARBON: 1,000 Ibs. 
DIMENSIONS: 45-l/2” 0 x 66-l/2” height 
SHIPPING WT: 1,500 Ibs. 

G-6 
CARBON: 1,800 Ibs. 
DIMENSIONS: 45-l/2” 0 x 90” overall ht. 
SHIPPING WT: 2,400 Ibs. 

FEATURES 

l Low pressure drop at 400 CFM 
G-4 9” water pressure 
G-6 12” water pressure 

l High activity carbon. 

l Fork lift fittings for easy handling. 

l 4” D perforated inlet distributor. 

l DOT rated. Acceptable for transport of 
hazardous waste. 
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SERVICE BULLET,. 1 

VAPOR PAC 

Calgon Carbon’s Vapor Pat Service meets industrial needs 
for cost-effective removal of volatile organic compounds(VOCs) 
at air emission sources. 

The Vapor Pat Service feature6 ermall. easily trensportable 
adsorber which contains 1.800 pounds of acllvaledcerbon. The 
adsorber can handle alf flowo up to 1 ,CKW Cfm. 

Designed to remove both toxic and non-toxic VOCe. the 
adsorption system is especially useful for short-term projects 
and for treatment of low volume flows thaf contain low lo 
moderate VOC concentrations. Common applicaGctno include 
VOC removal from processvents, sol1 remedialion ventb, and al1 
stripper off-gases. 

To accommodate a wide variety of process condMon6, 
Vapor Pat adsorbent are available in two basic designs: a 
polyethylene model that offers excellent corrosion-reslslance, 
and a stainless steel model than can withstand higher tempera- 
tures. and slight pressure or vacuum condlllcns. 

Calgon Carbon provfdes the adsorber, carbon, spent car- 
bon handling and carbon reacrivalion (after the carbon meels 
the company’s acceptance criteria) as part of the Vapor Pat 
Service. Ductwork and fans are the only equipmenl requiring a 
capital expenditure by the user. 

When carbon b6come6 saturated with VOC6, the 6ystem is 
replaced with another adsorber containing fresh carbon. 

By utilizing this unique service, userscan generally achieve 
VOC removal and regulatory compliance objectives. minlmize 
operating co613. and eliminate maintenance costs’ (a6 the 
equipment I6 owned and maintained by Calgon Carbon). Fur- 
thermore, because organic compounds are safely destroyed 
through the carbon reactivation process, costs and regulations 
typically associated with waste disposal can be eliminated. 

Please contact a Calgon Carbon Technical Sale6 Represen- 
tative to learn more about the advantage6 of the Vapor Pat 
Service for your specific VOC control needs. 

‘Ownage lo Vepor Pat Unit caused by ne@~~mm or wllon 
As tie fvrpmslblllly of me u&w* 

FEATURES AND BENEFITS OF 
VAPOR PAC SERVICE 

l Adsorbers are specifically designed for ease of installation 
and operation. 

l Ad6orberS are avallable In plastic (polyethylene) and 
metal (stainless steel) constructlon to accommodate a 
wide variety ot applications. 

l System can be operated in reries or parallel mode or a 
combination of both modes to handle a varielyof flowsand 
concentrations. - 

l System exchange elimlnales on-site carbon handling. 
l Recycling of spent carbon elimlnales disposal problems. 
l Capital expenditure Is eliminated since Calgon Carbon 

Corporation owns and malntains equipment. 

VAPOR PAC (PLASTIC) 
SPECIFICATIONS 
Vessel dimensions: . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . 44’/,’ x 44%’ x 89, 
fnlet 8 discharge 

conneotions . I . . . . . . . . . . . . . ,.,.. . . . . . . . . . . . . ...6’ PS 15-69 duct fleng 
Carbon Volume: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 CU. ft. (1800 lb 

System shipping weight: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . New - 2200 Ibs 
Spent - 4000 It - 

Temperature rating: ,....I.....,................................,.. 150°F mr 
Static pressure rating above 
carbon level: .,.,,.I,,.__.........................,......,.,,... 20’ W.C. me4 

Vacuum pressure rating above 
carbon level: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2’W.C. max 

All units shipped F.O.B.. Pittsburgh, Pennsylvania 

MATERIALS OF CONSTRUCTION 
Vessel. _ . . . . . . . . . ..I................................................... Polyelt.. 
Frame. . .,..*........,*,,.,.......,.....,..I.......,. Carbon steel coated with 

Sherwin Wrltiams Tile Clad Irk 
Inlet flanges, elbow. septum: . . . ...___....................,..._....,,,., fw 
Discharge flange: _ . . . . ..*......-....I*..*........*............... Polyethylene 
Faslenere & bottom valve suppon plate: . . . . . . . . . . . . . . Steel, plate? 
Sample fitting6 h sample canister . ..-...... . . . . . . . . . . . . . . . . . . . . . . . . . . Pvr 

VAPOR PAC (STAINLESS STEEL) 
SPECIFICATIONS 
Vessel dimensions, diameter: . . . . . .*...*.........................*........ 5’ 

height: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7’; 
lnlel8 discharge 
connectlons: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .A PS 15-69 duct flange6 

Carbon volume. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Ocu. ft. approx. (1800 It@ 
System shlpping weight: .,._._ . . ..*.....................,. New - 2840 lb: 

Spent - 4640 lb.. 
Static pressure rating above 
carbon level* * . . . . . . . . . . . . . . . . . . . . . . ..~.................................... 15 psit 

Vacuum pressure rating above 
carbon level: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I................................... Full 

All unlls shipped F.O.B., Pittsburgh, Pennsylvania 
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1.3 VACUUM at EXTRACTION BLOWER 

The calculated pressure changes for the corresponding extraction segments are shown 

in Figure 3. The design well vacuum was added to the segment pressure changes to 

determine the vacuum on the inlet side of the extraction blower. Two-60 gallon moisture 

separators prior to the extraction blower have a total pressure drop of 8 inches of water. 

The total vacuum at the inlet side was calculated to be 30.75 inches of water, which 

includes the addition of 5 inches of water added to the total to account for any fittings 

and lengths that are not part of the main pipe segments. 

1.4 EXTRACTION BLOWER SIZING 

The existing Frame 36 Universal RAI Blower rated for 100 to 150 scfm at +l psi/- 5 

inches of mercury will be adequate for full phase system operations. 
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VACUUM PERFORMANCE 
FRAME 36 UNIVERSAL RAI BLOWER 
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I .-\. i T 

MAXIMUM SPEED=3600 RPM 

1200 IBOG 2400 3000 35x. 
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2.0 PRESSURE ON DISCHARGE END OF INJECTION 

2.1 PRESSURE DROP CALCULATIONS for AIR SPARGING SYSTEM 

The air injection system was divided into 15 segments which are shown in 

Figure 4. Pressure changes corresponding to pipe length, size, and fittings were 

caculated for each segment. Pipe fittings included 90” elbows, ball valves (wide open), 

and standard tees (thru flow). Equivalent lengths for the fittings were obtained from the 

Cameron Hydraulic Data, Seventeenth Edition, Handbook. Calculations were performed 

to show pressure changes corresponding to the length and fittings in each pipe 

segment. The pressure changes are expressed in inches of water and are based on an 

air injection flow rate of 10 cfm. 
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2.2 WELL VACUUM CALCULATION 

A well point pressure of 8.4 inches of water was used to calculate the pressure on the 

discharge end of the injection unit. 

2.3 PRESSURE at EXTRACTION BLOWER 

The calculated pressure changes for the corresponding extraction segments are shown 

in Figure 5. The design well pressure was added to the segment pressure changes to 

determine the vacuum on the inlet side of the extraction blower. The total pressure at 

the outlet side was calculated to be 4.8 psi, which includes the addition of 5 inches of 

water added to the total to account for any fittings and lengths that are not part of the 

main pipe segments and static head loss. 

2.4 INJECTION BLOWER SIZING 

The existing Frame 32 Universal RAI Blower rated for 35 TO 60 SCFM at a pressure of 

6 psi will be adequate to 
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I PURCHASE ORDER I 

PURCHASE ORDER NUMBER c/o iv 
2049472M97102 N/A 

THIS NUMBER ML-9 APPEAR ON ALL PACKAGES. SHIPPING 
CCKUMEKIJ. MVCKES AND CORFZSPONDENCE. 

DATE BUYER Y MAT. REQ. # 
3/13/97 

PAGE 
IOF 

B 
U SHAWNSCAFF 
Y BROWN & ROOT ENVIRONMENTAL 
E 661 ANDERSEN DRIVE 
R Pl-lTSBURGH, PA 15220 

S 
E AlRTEK,lNC 
L P.O. BOX 466 R.D. 3 ARONA ROAD 
L IRWIN, PENNSYLVANIA 15642 
E A-ITENTION: DAN MAKRUCKI 
R (412) 351-3837 

DPAS RATED: DOCl 

VENDOR NO.: 15859700 

SIZE OF BUSINESS: SMALL 

___- u.%wLLQRp-p--- -- 
SHIP WA: BEST METHOD 

FOB/POINT OF ORIGIN: 

PROMISE DATE: 4/l/97 

PAYMENT TERMS: NET 30 

JOB CHARGE CODE: 2049-6725 

ITBMNO. QTY UNIT DESCRIPTION ITEM EXTENDED 
AMOUNT AMOUNT 

1 1 each Air Injection Blower system (AIBS) 
Blower, rated at 35-60 cu. A./mm @ 61bs. sqin. c I- 
Provide Universal RAl32 ratary positive blower 
WI 7SHP motor. 
Hand switch for on/off control; 
Operation to be regulated by three vendor- 
supplied switches as follows: 
- High temp. switch TS-1 sensor to be located 
on the AIBS air discharge air. 
- High pressue switch PS-1 sensor to be located 
on the AIBS air discharge (6psi) 
- High pressure switch PS-2, vacuum to confirm 
Air Extraction Blower System (AEBS) 
Operation. 
Three switches to be shop wired and mounted 
by Vendor on AIBS skid. BRB will field install 
vacuum tubing from the AEBS to pressure 
switch PS-2. 
Inlet/outlet silencer 
Inlet air filter 



PURCHASE ORDER NO. 2049-6725+97101 
GEZOF3 
ITEM NO. 

2 

QJ-Y. 

1 

UNIT 

each 

DESCRIPTION 

Air Extraction Blower System (AEBS) 
Bloatr. rated at 100-150 Cu. fl/rnin. @? 5”Hg 
and - 1 .O lb.@. in. Provide Universal RAI 36 
rotaq positive blower with 7.5HP motor. 
Hand switch for on/off control. 
- One high temp. switch TS-2 sensor to be 
located on blower discharge. 
- ant high water level switch LS-1 sensor to be 
located in the moisture separator. 
Two switches to be shop wired and mounted on 
AEBS skid. 
Outkt silencer 
Inlet air filter 
55 @. moisture separator, with high water 
level switch. 
ESTIMATED FREIGHT CHARGES 

T 

GENERAL INFORMATION: 

BOTH BLOWERS SHALL BE PROVIDED INDIVIDUALLY SKID MOUNTED. 
CONTROL PANEL, PRE-WIRED AND ATTACHED TO SKID, NEMA 4 ENCLOSURE. 
POWER SUPPLY: THREE PHASE-440 VOLT. 
PROVIDE WITH EACH BLOWER, THREE EXTRA FILTERS AND TWO QUARTS OF OIL. 
MOTORS TEFC, WITH A 1.15 SERVICE FACTOR. 
PROVIDE EACH BLOWER EITH EXIRA SHEAVE AND BELT TO COVER MGE OF FLOWRATES. 

INVOICE ADDRESS : BROWN % ROOT ENVIRONMENTAL $ ..’ ,’ .) 

661 ANDERSEN DRIVE 
PITTSBURGH. PA 15220 
ATTENTION: ACCOUNTS PAYABLE 

SHIP TO: BROWN % ROOT ENVIRONMENTAL 
NORTHRL-P GRUMMAN 
BETHPAGE. NY 11714 
SPECIAL LYSTRUCTIONS: Upon arrival at main gate call Stavros Pastelas or Fred 
Ramser @, 601-888-0678 to get access. 

DELIVERY: 

SHIPPER SHALL BE RESPONSIBLE FOR DELIVERY AND OFF-LOAD OF ENTIRE ORDER AS REQUIRED 
BY BROWN & ROOT ENVIRONMEhTAL AT THE JOBSITE. 

INVOICES: 

INVOICE(S) SHALL BE SUBMIlTED IN TRIPLICATE AND SHALL REFERENCE PURCHASE ORDER 
NUMBER, DESCRIPTION, QUANTl-lY, AND PRICING. 

INVOICES THAT DO NOT AGREE M-lTH THE PROVISION OF THIS PURCHASE ORDER WILL BE 
RETURNED FOR CORRECTION. 

B-2 



PLJRCHASE ORDER NO.: 2049-6725~P97 10 1 

FIELD RECEIPT OF SERVICES/MATERIALS: 

BUYER’S FIELD PERSONNEL HAVE ABSOLUTELY NO AUTHOWrY TO EXECUTE ANY TYPE OF CONTRACT, 
SUBCON-IRACT. SALES ORDER, INDEMNIFICATION AGREEMENT OR ANY OTHER TERMS OR CONDlTlONS OF 
ANY TYPE PREPARED BY YOUR FIRM THAT PURPORTS TO BIND BUYER AND TO GOVERN THE PERFORMAXE 
OF ANY SERVICES THAT YOUR FIRM IS PROVIDING. lT IS UNDERSTOOD AND AGREED THAT THE EXECUTION OF 
ANY OTHER DOCUMENT PRESENTED BY YOUR FIRM COVERING RECEIPT OF EQUIPMENT AND MATERIAL OR 
SERVICES PROVIDED BY YOUR FIRM, EVEN IF EXJXXJTlON OF SUCH A DOCUTvlENT IS A CONDITION OF 
PERFORMANCE IS NULL AND VOID AND ABSOLUTELY OF NO EFFECT. 

THIS IS A RATED ORDER CERTIFIED FOR NATIONAL DEFENSE USE, AND THE CONTRACTOR / 
SELLER SHALL FOLLOW ALL THE REOUIREMENTS OF THE DEFENSE PRIORITIES AND 
ALLOCATIONS SYSTEM REGULATION (15 CFR 7001 

ATTACHMENTS: 

(1) PURCHASE ORDER TERMS AND CONDITION NO. (27036A), (09-93) 
(2) SUBCONTR4CT/PURCHASE ORDER SPECIAL CONDITIONS, SET 300, SMALL PURCHASES 

ACCEPTANCE: 

SELLER MUST SIGN AND RETURN THE ACCEPTANCE COPY OF THIS PURCHASE ORDER WITHIN 
SEVEN (7) DAYS TO: 

BROWN & ROOT ENWRONMENTAL 
SHAWN SCAFF 
66 1 ANDERSEN DRIVE 
PITTSBURGH, PA 15220 

SELLER DATE BUYER DATE 
- _______ e_e___-mee--- _____ ------ ________ ---- _______ -------E.JD OF D(jCU&@m- _________________________ - ______________I_________ 



BASIC PACKAGE 
DESCRIPTION 

Rootsoffers RootsPaksizesofcom- 
pletely assembied. factory engineered and 
guaranteed packages incorp0ratir.g 16 
frame sizes of Universal RAI rotary posi- 
trve blowers with flows to 1600 ICFM, 
pressures to 15 psig or vacuums to 16’ 
Hg. 

The basic package consists of the 
blower, V-belt drive, OSHA guard, motor 
slide base, inlet filter and inlet silencer all 
mounted on top of a heavy-duty, unitized 
base/discharge silencer in one compact, 
easy to install package. A pressure relief 
valve is mounted on the discharge si- 
lencer. ‘Motor and other accessories op- 
tional. 

The combination base/discharge si- 
lencer is a rigid, one-piece weldment, re- 
inforced for minimal vibration. The inlet 
filter is supplied with a 10 micron pleated 
paper element. All standard components 

SPECIFICATIONS 
FIOOTSPAKS’” 
Universal RAl@ 
Packaged units (Pa:ent pending) 

are designed for indoor or outdoor opera- 
tion. 

The Universal RAI blower consists of 
a cast iron casing, carburized and ground 
alloy steel timing gears secured to steel 
shafts with a taper mounting and locknut, 
and cast iron involuteimpellers. Oversized 
anti-friction bearings are used, with a cy- 
lindrical roller bearing at the drive shaft on 

all models to provide increased beari,., 
life and to withstand V-belt pull. The 
Universal RAI features thrust control, H.‘*- 
splash oil lube on the gear end and grea 
lube on the drive end. 

RootsPak units are factory painted 
and skidded for shipping and handling 

OUTLINE DRAWING & DIMENSIONAL TABLE EUERY CROWING PLANT NEEDS ROOT? 

INLET FILTER 

INLET SILENCER 

L-D - MPT DlSCHARGE CONNECTION - UNITIZED BASE 1 DISCHARGE SILENCER 

4OTES: 

!: 
All dlmenslons are in Inches. 
Dlmenslons are approximate - do not use for conswcnon. Packages may not be exactly xi shown. 

I. Basx package weights do not Indude bknver and motor. For blower weight. see reverse side of sheeL 
I. V-belt guard u furnished. but not shown In above drawing. 

RootsPak 
Size 

-. Blower 
Frame Sizes A B 

Approx. net- 1 
weight (3) -- . 

2 22, 24,32,33, 42 35 22 48 2 
2-112 36,45, 53 40 24 65 2-l/2 

3 47,65 46 26 70 3 
4 56.59, 76 56 28 75 4 
6 68.615.711 70 36 84 6 

190Ibs 

230It I 
320 Ibs. 
460 Ibs. 
680 Ibs. 



PERFORMANCE TABLE 
BLOWER 
FRzE *g 

1PSl ZPsl aml 4psI SPBI sm .:.\ 7Ps 1oPs 11 PSI lZP!a ‘. 1sPsl uA% vacuuu 

lwmm 

cFY BW CFU BHP CFU BW CN BW CN DHP CFU SW_,Cl% BW CPU BHP CFU BW CN BHP CPU WP 'Ho CFU BHP 
-- 

1160 10 0.2 7 0.3 4 0.3 2 0.4 4 6 0.3 
22 3600 49 0.6 46 0.6 43 1.1 41 1.3 39 1.6 36 1.6 36 2.1 32 2.6 31 3.1 29 3.3 14 28 2.0 

(32) 5275 76 06 73 1.2 70 16 60 1.9 66 2.3 64 2.7 63 3.1 59 4.2 57 4.5 56 4.9 14 55 3.0 
1160 24 0.3 19 0.4 15 0.6 11 0.6 6 0.9 6 12 0.6 

24 3600 102 0.6 97 1.3 93 1.0 69 2.3 66 2.6 63 3.3 61 3.6 14 69 3.0 
(43) 5275 156 1.2 150 1.9 146 2.7 143 3.4 140 4.2 137 4.9 13.5 5.6 14 122 5.5 

1160 40 04 34 0.6 30 0.9 27 1.1 24 1.3 21 1.6 19 1.6 10 16 1.3 
32 2800 113 1.0 106 1.6 104 2.1 101 2.7 98 3.2 95 3.8 93 4.3 06 6.0 04 6.5 62 7.1 n 6.7 15 76 4.5 

(69) 3600 149 1.3 144 2.0 140 2.7 137 3.4 134 4.1 131 4.6 129 5.5 122 7.7 120 6.4 116 9.1 113 11.2 15 114 5.8 
1160 55 0.5 40 0.8 43 1.1 39 1.4 35 1.7 31 2.1 28 2.4 10 27 1.7 

33 2800 156 1.2 149 2.0 144 2.7 140 3.5 136 4.2 132 5.0 129 5.7 120 6.0 110 0.7 116 9.5 14 113 5.6 
(74) 3600 205 1.6 199 2.5 193 3.5 189 4.5 185 5.4 181 6.4 176 7.4 170 10.3 167 11.2 165 12.2 14 163 7.2 

1160 95 0.7 05 1.2 78 1.7 72 2.3 66 2.8 61 3.3 57 3.8 10 55 2.7 
36 2800 262 1.7 253 3.0 245 42 239 5.4 234 6.7 229 7.9 224 9.2 12 213 7.0 

(102) 3600 344 2.2 334 3.0 327 5.4 321 7.0 315 0.6 310 10.2 306 11.8 14 264 11.6 
660 30 0.4 32 0.6 28 0.9 24 1.1 21 1.3 18 1.5 15 1.0 a 19 1.1 

42 1760 92 0.8 07 1.3 82 1.8 70 2.2 75 2.7 72 3.1 69 3.6 62 5.0 60 5.5 5.0 5.9 14 56 3.5 
(88, 3600 204 1.7 190 2.6 194 3.6 1% 4.5 106 5.5 103 6.4 101 7.4 173 10.2 171 11.2 169 12.1 163 15.0 14 167 7.2 

663 79 0.6 60 1.1 60 1.5 53 2.0 48 2.4 42 2.9 37 3.4 8 46 1.9 
45 1760 100 1.3 177 '2.2 169 3.1 162 4.1 156 5.0 151 5.9 146 6.9 133 9.6 12 134 5.8 

(109) 3600 410 2.6 400 4.5 392 64 365 8.3 379 10.2 374 12.1 369 14.0 3% 19.7 14 345 13.7 
060 109 0.8 97 1.4 09 2.0 81 2.6 74 3.2 60 3.6 63 4.4 a 72 2.5 

47 1760 253 1.6 241 2.0 232 4.0 225 5.3 216 6.5 212 7.7 206 8.9 12 193 7.5 
(128) 3600 546 3.2 535 5.7 526 82 510 10.7 511 13.2 505 15.8 500 18.3 14 rn 17.9 

700 72 0.6 63 1.0 56 1.4 51 1.8 46 2.2 42 2.6 30 3.0 10 36 22 
53 1760 211 1.5 203 2.6 1% 3.6 191 4.6 1% 5.6 181 6.6 1?7 7.6 167 10.7 163 11.7 160 12.7 14 1% 7.5 

(143) 2650 355 2.5 346 4.1 340 5.0 334 7.4 329 9.1 325 10.7 321 12.3 310 17.2 307 18.9 304 20.5 295 25.4 14 301 12.1 
700 123 0.9 110 1.6 100 22 92 2.9 05 3.6 78 4.3 72 4.9 10 70 3.5 

56 1760 350 2.2 345 3.9 335 5.6 326 7.3 319 9.0 312 10.7 306 12.4 290 17.5 14 276 12.1 
(170) 2850 5% 3.6 505 6.4 575 9.1 567 11.9 560 14.6 553 17.3 547 20.1 531 28.3 14 517 19.7 

700 187 12 170 2.2 150 3.2 147 42 130 5.1 130 6.1 8 135 4.1 
59 1760 529 3.0 513 5.5 500 8.0 490 10.5 480 12.9 472 15.4 464 17.9 12 u5 15.1 

(204) 2850 001 4.9 865 8.9 852 12.9 042 16.9 032 20.9 024 25.0 816 29.0 14 Tl9 20.3 
700 140 1.0 126 1.6 116 2.6 107 3.3 loo 4.1 93 4.0 66 5.5 70 7.8 12 71 4.7 

65 1760 400 2.6 307 4.5 377 6.4 360 0.3 360 10.2 353 12.1 347 13.9 330 19.6 325 15.3 320 23.4 307 29.1 16 300 15.5 
(245) 2350 546 3.5 532 6.0 522 8.5 513 11.1 506 13.6 499 16.1 492 18.6 475 26.2 470 20.7 466 31.2 452 30.0 16 445 20.7 

700 224 1.5 203 2.7 107 3.9 172 5.1 160 6.3 149 7.5 139 8.7 . 10 135 62 
68 1760 643 3.8 621 6.8 605 9.8 591 12.9 579 15.9 567 10.9 557 22.0 530 31.0 522 34.1 515 37.1 15 495 23.0 

(285) 2350 676 5.0 055 9.1 838 13.1 024 17.2 012 21.2 801 25.3 790 29.3 763 41.5 755 45.5 746 49.6 16 715 32.6 
700 42O 2.6 300 4.8 351 7.1 323 9.3 301 11.6 279 13.8 a 292 9.1 

615 1760 12O5 6.4 1164 12.1 1133 17.8 1107 23.5 1084 29.1 1063 34.0 12 997 34.1 
(425) 2350 1641 86 1601 16.1 1570 a.7 1544 31.3 1521 36.9 15OO 46.5 12 1433 45.5 

575 195 1.3 179 2.3 160 3.3 150 4.3 150 5.4 142 6.4 134 7.4 115 10.4 12 117 62 
pii, 2050 1400 526 700 32 4.7 511 772 8.3 5.7 761 500 11.9 8.1 4% 751 10.6 15.5 481 742 19.1 13.0 473 734 22.7 15.5 466 727 26.3 17.9 447 700 25.3 37.1 441 703 27.0 40.7 436 697 302 44.2 421 602 37.6 55.0 16 16 413 674 29.2 20.0 

575 362 2.2 336; 4.0 316 5.9 299 7.7 264 9.6 271 11.4 250 13.3 226 10.0 12 220 112 
711 1400 970 5.3 944 9.0 925 14.3 900 10.8 093 23.3 600 27.0 667 32.3 635 45.0 15 7% 33.8 

WO) 2O50 1450 7.7 1424 14.3 1404 209 1307 27.5 1373 34.1 1359 40.7 1347 47.3 1315 67.1 16 1256 52.7 

Notes: 1. 
2. 

3. 

Pressure ratings based on inlet air at standard pressure of 14.7 psia. standard temperature of 68”F, and specific gravity of 1 .O. 
Vacuum ratings based on inlet air at standard temperature of 68”F, discharge pressure of 30” Hg and specific gravity of 1 .O. 
Consult factory for RootsPak optional vacuum packages. 
Blower weights shown are approximate net weights in pounds. 

DESIGN & CONSTRUCTION FEATURES 
1. Factory engIneered, factory guaranteed 
2. Compact package designed for ease of handling and installation 
3. Indoor or outdoor operation (when ordered with suitable motor enclosure) 
4. Blower covered by 18l24 month uncontested warranty 
5. Refer to bulletin B-51 25 for Universal RAI blower details 

DRESSER INDUSTRIES, INC. 
ROOTS DIVISION 
900 WEST MOUNT STREET, CONNERSVILLE. INDIANA 47331 
TELEPHONE: 317/827-9200 FAX: 317!825-7669 
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l Providing analytical laboratory and field services 
l Providing custom reactivation (if the spent carbon 

meets our safety requirements) 
l Providing replacement carbon 

Our representative will discuss these services with 
you, without obligation on your part. We can tell you 
what information needs to be gathered for design con- 
siderations. 

We can tell you what your requirements will be for ac- 
tivated carbon and equipment, and we can tell you the 
level of effectiveness you can expect from your adsorp- 
tion system. 

Because we are a leader in the field of adsorption, we 
can provide the products and technology to help you 
meet your individual requirements. Also, as a major 
manufacturer of activated carbon, we can assure the 
availability of activated carbon when you need it. 

Fore Size Distribution of Type BPL Carbon 

characteristics. A knowledge of the pore characteristics. A knowledge of the pore size distri- 
bution helps to indicate the effectiveness of a partic- 
ular carbon product in a given situation. 

10 10 100 100 1000 1000 

PORE DIAMETER, ANGSTROM UNITS PORE DIAMETER, ANGSTROM UNITS 

0.5 

p :: 0.4 

3 
9 0.3 

L 
s 

s o.2 
4 I ! 1111111 I I1111111 

activated carbon 

Benzene Adsorption 
on Calgon Carbon 

Type BPL 
Activated Carbon 

Theoretical 
Carbon Capacities 

Boiling Point Molecular 
“C Weight 

Acrylonitrile 77.3 53.1 3 9 
Benzene 80.1 78.1 20 28 
n-Butane - 0.5 58.1 2 5 
Carbon Tetrachloride 76.8 153.8 30 50 
Dichloroethylene 37.0 97.0 10 21 
Methylene Chloride 40.2 84.9 2 4 
Freon 115 - 37.7 154.5 2 6 
n-Hexane 68.7 86.2 9 20 
Styrene 145.2 104.1 39 52 
Toluene 110.6 92.1 31 40 
Trichloroethylene 87.2 131.4 28 50 
Vinyl Chloride - 13.9 62.5 1 2 
M-Xylem3 139.3 106.16 32 40 

PARTIAL PRESSURE. PSIA 

Lb. Adsorbed’1 50 Lb. 
BPL Carbon clt Atmos- 

bheric Pressure and 70. F 

10 ppm 100 ppm 1,000 ppm 

21 
42 
10 
74 
40 
14 
11 

For additional information, 
contact fhe Calgon Carbon Corporation, 

Box 717, Pittsburgh, PA 15230 
Phone: 787-6700 (412) 

28 
63 LG 
51 
72 CALGON CARBON CORPORATION 
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8/20&1 2154 PM 

SITE 1 
NWIRP BETHPAGE, NEW YORK 
AS/SVE Treatment 

I ITEM ISUBCONTRACTED~ MATERIAL 1 LABOR 1 EQUIPMENT 1 TOTAL 
SITE PREPARATION 

II 
$37,000 $14,500 $35,900 $9,900 $97,300 

DRILLING 
PIPING & EQUIPMENT 
UTILITIES 
INITIAL TESTING & START-UP 
SYSTEM ABANDONMENT & CLOSEOUT 

Overhead on Labor Cost @ 30% 
G&AonLaborr@ 10% 

G & A on Material Cost @ 10% 
G & A on Subcontract Cost Q 10% 

Total Direct Cost 

Indirects on Total Direct Labor Cost @ 75% 
Profit on Total Direct Cost Q 10% 

Total Field Cost 

Contingency on Total Field Cost @ 20% 
Engineering on Total Field Cost Q 15% 

TOTAL CAPITAL COST 

$116,800 
$2,000 

$18,000 
523,980 
557,500 

5255,280 

525,528 

$280,808 

$275 
$25,192 

$23.7:: 
510,050 
573,800 

57,380 

581,180 

$100 
$9,496 

50 
$24,100 
519,000 
588,596 

526,579 
58,860 

$124,034 

593,025 

$100 
$673 

50 
54,970 
57,800 

523,443 

523,443 

$117,275 
$37,360 
518,000 
576,833 
$94,350 

5441,118 

$26,579 
58,860 
57,380 

525,528 

5509,464 

593,025 
550,946 

$653,436 

5130,687 
598,015 

$882,139 

6 24 MONTH O&M $58,270 5136,686 5122,006 530,006 5348,956 

Overhead on Labor Cost Q 30% 536,600 536,600 
G&AonLabor@ 10% 512,200 512,200 

G & A on Material Cost @ 10% 513,669 $13,669 
G & A on Subcontract Cost Q 10% $5,827 55,827 

Total Direct Cost $64,097 5150,354 5170,800 530,000 5415,251 

Indirects on Total Direct Labor Cost @ 75% 
Profit on Total Direct Cost @ 10% 

Total Field Cost 

5128,100 5128,100 
$41,525 

5584,877 

Contingency on Total Field Cost @ 20% 5116,975 

TOTAL O&M COST $701,852 

n:\data\bbrf685\cto213\ALTl .XLS Page 1 of 3 
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SITE 1 
NWIRP BETHPAGE, NEW YORK 
AS/SVE Treatment 

Item 
unit Cost Total Cost Total Direct 

Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equpment cost Comments 

1 SITE PREPARATION 
1 1 Mobllazahon (RAC) 
1 2 Truck Rental 
1 3 H&S Suppott 
1 4 site Preparation 
1 5 Slb? survey 
1 6 Fenang 
1 7 Demoblluatlon (RAC) 

2 DRILLING 
2 1 Mob I Demob (dnller) 
2 2 GW Wells (installed ) 
2 3 Obsewabon Wells (installed ) 
2 4 lnjectionlExtract!on Wells (mstalled ) 
2 5 Split Spoon Samphng 
2 6 PCB SampIng 8 Analysts 
2 7 Sample Prep 8 Shlpping 
2 a waste ProflIes 
2 9 Dnll Spoils Containerlzabon 

3 PIPING h EQUIPMENT 
3 1 2” PVC w/ flttlngs (Installed) 
3 2 4” PVC w/ fattings (Installed ) 

b 

3 3 6’ PVC wl flttlngs (Installed ) 
3 4 4” Carbon Stell w/ fltbngs (Installed) 
35 2”PVC r’s 
3 6 2” Ball Valves 
3 7 4’ Au Bleed Valves 
3 8 2” Pressure Rehef Valve 
3 9 2” Air Rehef Valves 

3 10 1000 gal Primary Moasture Separator 
3 11 Relocate 8 Install Blowers 
3 12 Mob/Demob Carbon Unrts 
3 13 Install Carbon Units 
3 14 Carbon 

4 UTILITIES 
4 1 Electnc Hook-up 
4 2 Telephone Hook-up 
4 3 Telementry System 

1 
60 

1 
850 

1 
255 
480 

1495 
430 

20 

2 
20 

1600 
750 

30 
40 
35 
24 

5 
1 
2 

5400 

1 

IS 

dys 
I5 
Is 
Is $20,000 00 
If $20 00 

IS 

IS $7,500 00 
If $35 00 
If $35 00 
If $35 00 

ea $25 00 
ea $175 00 
Is 

ea $1,500 00 
dm $700 00 

If 
If 
If 
If 

ea 
ea 
ea 
ea 
ea 
ea 
IS 
Is $2,000 00 
IS 
lb 

IS $15.00000 
IS $1.00000 
IS $2,000 00 

$11,80000 $26.40000 

$2,700 00 $7,000 00 
81.5cMl00 

$l,OOu 00 

$1000 
175 00 

$0.90 
$2 60 
94 a9 
$8 93 
$1 08 

$75.00 
$150 00 
$350 00 

$80 00 
$2,000 00 

$3 00 

$10000 

$1 69 
$3 63 
$4 83 
$1 50 

$20 55 
$1500 
$1000 
$15.00 
SlOOil 

$200 00 
12,caloo 

$500 00 

$2.500 00 
$65 00 

$1 ,oOO.oo 
$1.000 00 

$1,5rnlOO 

$5 00 

so 04 
$0 08 
$0 10 
$0 31 
$0 95 

$500 00 

so $11,800 $26,400 $2,500 540.700 
so so so $3.900 $3,900 
so $2,700 $7,000 f1.000 s10.7M) 
so so 51,500 $1 .Mlo $2.530 

s20.000 so so so s20.000 
$17,Oal so so SO s17,cal 

SO so S1.000 $1,500 s2.500 
537,OOu $14,500 $35,900 s9.900 s97.300 

$7,5M) so so so $7,5co 
$8.925 so so SO $8,925 

$16.800 so SO so $16.800 
$52,325 so so so 552.325 
$10.750 so so so s10.750 

$3,500 $200 so $100 13,800 
so $75 $100 so 5175 

s3,OuO so 
$14,000 so 

%116,800 $275 

so 
so 

SlOO 

so 
so 

$100 

s3,ocxl 
514,000 

$117,275 
Includes Trans 8 D1s.p 

so 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

w?oO 
so 

$1,440 S2.704 $64 $4,208 
%1,950 $2,723 1660 54.733 

s147 $145 $3 $295 
5357 $60 $12 $430 

$38 $719 s33 5790 
S1,800 $360 SO $2,160 

$750 550 SO $800 
$350 $15 SO $365 
$160 520 SO $180 

$2,oOO $200 so %2,2cxl 
so s2,Mx) so s2,GoO 
SO so SO 82,ooo 
so $500 $500 S1.CO.l 

so $16,200 so SO $16:200 
$2.000 $25,192 S9.496 S873 $37,360 

S15,oM) so so so 515,oco 
$1,000 so SO so Sl,GQO 
$2,000 so so so sz,@JO 

$16,000 so so SO Sle..cm 

n \data\bb’ to284\ALTl XLS ‘age 2 of 3 



B/L,. _I! 2 54 PM 

SITE 1 
NWIRP BETHPAGE, NEW YORK 
AS/SVE Treatment 

Item 

5 INITIAL TESTING S START-UP 
Cluantrty Unrt Subcontract 

5 1 Mob!l!zat\on (RAC) 
5 2 Truck Rental 
5 3 H&S Support 
5 4 Prepare O&M Manual 
5 5 Complete Construction As-bulks 
5 6 Mob / Demob (dnller) 
5 7 Soil Borings (5 @ 40’ ) 
5 8 Split Spoon Sampling 
5 9 VOC Analysts 

5 10 Droll Spals Contarnerrzatron 
5 11 PCB Sampling & Analysis 
5 12 Sample Prep 8 Shipping 
5 13 Waste Profile 
5 14 Sample Prep 8 Shlpprng 
5 15 Groundwater Sample Analyws (VOCs) 
5 18 Sample Prep 8 Shipplng 
5 17 Au Sample Analysis 
5 18 Sample Prep 8 Shipping 
5 19 Data Reportrng 
5 20 Carbon 
5 21 Electrlclty 
5 22 Telephone 
5 23 Demobllrzatlo” (RAC) 

1 
30 

1 
1 
1 
1 

200 
10 
10 

4 
4 
1 
1 
1 

24 
1 
3 
1 
1 

45w 
6165 

1 
1 

IS 

dys 
IS 
IS 
IS 
Is $2,500 00 
If $20 00 

ea $25 00 
ea $220 00 
ea $700 00 
ea $175 00 
IS 

ea $1,500 00 
IS 

ea $220 00 
IS 

ea $250 00 
IS 

ea s4.000 00 
lb 

kwh 
IS 
Is 

Unrt cost Total Cost Total Direct 
Materral Labor Equipment Subcontract Material Labor Equipment cost Comments 1 

$5.900 00 $13.200 00 

$1,350 OQ 
s5ou 03 

s1,cooOO 

$1000 
$75 00 

$75 00 

575 00 

$75 co 

$3 00 
$014 

s50 00 

575 00 

$75 00 

$3,500 00 
s3.ooo 00 
$3,wo 00 

$10000 

$10000 

$10000 

010000 

$1,000 00 

930 OQ 

$1,500 00 
$65 00 

$1,000 00 

$5 00 

so 
so 
so 
so 
so 

$2,500 
$4.000 

1250 
$2,200 
92,600 

1700 
so 

$1,500 
so 

$5.280 
so 

$750 
so 

s4,coO 
so 
so 
so .~ 

$5,900 
so 

$1.350 
ssoo 

$1 DO0 
so 
so 
so 
so 
so 

$40 
875 

so 
s75 

so 
575 

so 
975 

so 
$13.500 

$1.143 
$50 

s13,200 
so 

$3,500 
s3,ow 
‘b3,oBl 

so 
so 
SO 
so 
so 
so 

$100 
so 

Sloe 
so 

$100 
so 

Slca 
so 
so 
so 
so 

$1,500 
s1.950 
Sl,OOO 

so 
so 
so 
so 
so 
so 
so 

$20 
so 
SO 
so 
so 
so 
so 
so 
so 
so 
so 
so 

S20,Mw) 
11.950 
35,850 
53,500 
s4,ooa 
52,500 
s4,ooo 

$250 
s2,2al 
12.600 

$760 
$175 

s1.500 
s175 

55,280 
$175 
$750 
5175 

s4,cQO 
s13.5OQ 

s1,143 

Includes Trans 8 Drsp 

5500 00 
s23,9z 

---XL.- $1.000 
$23,763 %24,1&l 

s5ca 
$4,970 

$50 
El.500 

$76,833 

6 24 Months OhM 
6 1 RAC Labor (100 hrsimo) 
6 2 Truck Rental 
6 3 GW Analysts (monthly 16mos quarterly/lEmos) 
8 4 Sample Prep 8 Shrpprng 
6 5 Arr Analyws (monthlyl6mos quarterlyll8mos) 
6 6 Sample Prep 8 Shipplng 
6 7 Waste ProfIle (Condensate) 
6 8 Condensate Drsposal 
6 9 Data Reporting 

6 10 Monltorrng Equpment 
611 Carbo”(12OOIbsImo) 
6 12 Electrlaty 
6 13 Telephone 

7 SYSTEMABANDONMENTBPROJECTCLOSEOUT 
7 1 Mobrlrzatron (RAC) 
7 2 Truck Rental 
7 3 Mob I Demob (driller) 
7 4 Well Abandonment 
7 5 Systen Dismantlement 
7 6 System Disposal 
7 7 Sate Restoratron 
7 8 Demobrllzatron (RAC) 
7 9 Final Report 

2400 hr 
240 dys 

66 ea $220 00 
11 ea 
33 ea $250 00 
11 ea 

1 IS $1,500 00 
2oM) LPI $200 

2 yrs $15,000 00 
24 rnrx 

288W Ibs 
195970 kwh 

24 mos 

1 IS 
20 dys 

1 IS $3,000 00 
29 ea $1.500 00 

1 IS 
1 Is $10,00000 
1 Is 11,000 00 
1 IS 
1 IS 

SlO,OOO 00 $25.000 W 

$300 
$014 

$50 00 

$4,050 00 $9,000 00 

82,500 00 

82,500 00 
$1.00000 

$1,000 00 s9,ooo 00 

$65 00 

$2,000 00 
$65 00 

S2,5W 00 

81,500 00 
$500 00 

so so S72,OW so S72,ooO 
so so so 915,600 515,800 

$14,520 so SO so s14,52c 
so $825 SO so $825 

98.250 so so so $6,250 

s1,5: 
5025 so so $825 

SO SO so s1.500 
s4.000 so SO so s4.000 

%30,000 s20,OOo %50,000 so $1OQ000 
so so SO $14,400 514,400 
so $86.400 so so $86,400 
so 527.438 SO so $27.438 
so 81,200 so so s1,2M) 

$58,270 1136,686 $122,ooo $30,000 %346,956 

- 

so s4.050 s9.000 s2.000 $15,050 

so so so $1.300 $1,300 
53,000 so so so 13,ooo 

$43,500 so so so 143.500 

so $2,500 so 12.500 s5,OQo 
$10,000 so so so s10,cGO 

$1.000 $2,500 so II,500 s5.000 
so so s1.coo $500 s1.500 
so Sl,OOO 59,000 so %10,000 

857,500 $10.050 $19,000 37.800 $94,350 

” \data\bbre924\cto284V\LTl XLS 
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